The purpose of this study was to assess the effect of pre-etching time and material on shear bond strength (SBS) of self-adhesive resin cements to eroded and sound enamel. Eroded enamel specimens were assigned into 5 groups (n=20 each) based on enamel surface treatment as follow: Group N, eroded enamel (without surface pre-treatment); Group PH15, 35% H3PO4 etching for 15 s; Group PH30, 35% H3PO4 etching for 30 s; Group L30, 20% lactic acid etching for 30 s and Group L60, 20% lactic acid etching for 60 s. Composite blocks were fabricated and cemented to enamel surfaces with one of two self-adhesive cements. Notched-edge SBS was assessed. Bond strength of self-adhesive cement to eroded enamel surface significantly enhanced following application of 20% lactic acid for 30 s.
INTRODUCTION
Loss of tooth structure as a result of dental erosion is an issue of growing solicitude 1, 2) , and the process loss of mineral content of tooth structure is usually progressive, slow, and pain-free 3) . Erosive tooth wear is often unnoticed by patients and even dentists and habitually recognized at a progressive phase when teeth damage has occurred 4, 5) . The causes of dental erosion may be intrinsic, as a result of gastroesophageal reflux, chronic alcoholism, and bulimia nervosa or extrinsic, usually by the action of dietary acids [6] [7] [8] [9] [10] . Gastroesophageal reflux disease, which is the main reason of intrinsic erosion, is a condition where gastric acids are regurgitated back to the oral cavity, thus give rise to persistent oral exposure to an acidic medium.
Initially the process of acid erosion begins with softening of the exterior surface of enamel and the effect can be varied based on the acids pH and the time of exposure [11] [12] [13] [14] [15] . In patients with a record of intensive vomiting and gastroesophageal reflux, serious lingual-occlusal erosion is almost existing and in more sophisticated conditions, inclusive mineral sacrifice can produce tooth shortening, which can contribute to esthetic and structural challenges 13, [16] [17] [18] . As the management for erosive teeth wear should be primarily focused on the etiology, prevention and to overcome the dilemma of excessive loss of tooth structure [19] [20] [21] , the restorative approach necessitates a precise planning, based on the extent of loss 22) . With the improvements in field of adhesive technologies, it has become possible to restore eroded teeth in a minimal invasive mode. Ultra-thin bonded ceramic veneers have been discussed as an alternative treatment option of severe erosive lesions compared to the conventional onlays and complete coverage crowns 11, 12) . Bonded composite resins and ceramics address the previously described biomimetic principles of ultimate conservation of teeth tissue and esthetics [23] [24] [25] . For adhesive cementation, luting resin cements are the recommended option 4, 6) . While surface modification of the dental hard tissues are required before cementation, therefore, resin cements can be categorized as total etch resin cements needs phosphoric acid etching and bonding adhesive application before cementation; Selfadhesive resin cements have the capability to bind to tooth structures in absence of extra adhesives; and Selfetch resin cements requires an acidic monomer that is integrated in its composition, to alter the surfaces of dental tissue before curing 26) . Long-term stability of bonding to tooth structure remains questionable. The results of enamel bond strengths to indirect restorations utilizing self-adhesive cements have many conflicting reports and to promote the adhesion process, the application of phosphoric acid before cementation has been suggested 4, [8] [9] [10] [11] [12] [13] [14] . Although, it is likely that phosphoric acid etching of the enamel surface created rough irregular surface that may be a causative factor of enamel bonding failure 26) , especially in patients with a history of enamel surface dissolution as a result of acid erosion 27, 28) . Therefore, to minimize the extent of enamel surface damage, alternative conditioners, such as maleic acid, nitric acid, polyacrylic acid and ethylenediaminetetra acetic acid, have been used to obtain clinically durable bond strengths by reducing the depth of enamel dissolution [29] [30] [31] [32] . Therefore, the current study directed to estimate the effects of use lactic acid, phosphoric acid for etching the previously eroded enamel. The effectiveness of eroded enamel surface conditioning before material implementation was also tested. The hypothesis of this study was that, the use of 20% of lactic acid for surface conditioning of eroded enamel increases the bond strength to self-adhesive cement.
MATERIALS AND METHODS

Enamel sample preparation
Thirty extracted human caries-free anonymized molars were recruited in this research. The selected molars were cleaned, disinfected using 0.5% chloramine and stored in distilled water until use. Approval to use human teeth was obtained from the Research Ethics Committee (No.0613118) at the Faculty of Dentistry, Mansoura University, Egypt.
Following mesio-distal sectioning (Isomet 1000TM, Buehler, Lake Bluff, IL, USA) of the coronal part of the teeth, the enamel bonding sites (5×3×2 mm) were prepared from the mid-coronal section of the buccal and lingual surfaces.
So as to remove superficial enamel layer and to create a polished flat surface, the teeth were ground with a with 4000-grit polishing paper under copious airwater coolant.
Initial assessment of enamel hardness
Initial assessment of enamel hardness was carried out utilizing a Vickers indentor linked to a microhardness tester (FutureTech, Tokyo, Japan). Six indentations per test were made at the middle section of each specimen at 300 μm interval. The load for indentation was 100 g with 15 s dwell time. The specimens with mean hardness values 10% above or below the general mean were ignored (mean surface hardness of 334.56±30.71 VHN) 33) . One hundred-twenty specimens were recruited, one hundred specimens were submitted to erosive challenge and twenty specimens were used as a control.
Assessment of enamel hardness following simulated erosive lesion
The erosive lesion was attained by subjecting the enamel specimens to short-term acidic exposure to Hcl solution (0.01 M, pH 2.3) for 30 s, with agitation at speed of 50 rpm at room temperature (25°C). This protocol provoked lesion with surface softening only with no noticeable wear 34) . Surface hardness was assessed once more to assure the lesion formation. (mean surface hardness of 180±22.3 VHN).
Then, the specimens were washed in distilled water for 30 s, followed by dipping of each specimen in 20 mL of artificial saliva for 30 min. The artificial saliva (pH 7.0) consisted of the subsequent chemicals in 1 L of distilled water: 0.33 g KH 2PO4; 0.34 gNa2HPO4; 1.27 g KCl; 0.16 g NaSCN; 0.58 g NaCl; 0.17 g CaCl2; 0.16 g NH4Cl; 0.2 g urea; 0.03 g glucose; and 0.002 g ascorbic acid 35) . Artificial saliva was freshly formulated daily.
One hundred specimens with erosive lesions were assigned into five treatments (n=20 each, Figs. 1-4). Group C; intact enamel was etched with 35% phosphoric acid (Ultradent Products, South Jordan, UT, USA) for 30 s. Group N; eroded enamel without any etching. Group PH15; eroded enamel treated with 35% phosphoric acid (Ultradent Products) for 15 s followed by rinse for 10 s. The specimens were then washed under water spraying for 10 s in a way that take the acid apart from the specimen surface. Group PH30; eroded enamel treated with 35% phosphoric acid (Ultradent Products) for 30 s followed by rinse for 10 s. Group L30; eroded enamel treated with 10 mL of 20% lactic acid irrigated for 30 s using a plastic needle nose application tip. Group L60; eroded enamel treated with 10 mL of 20% lactic acid irrigated for 60 s using a plastic needle nose application tip. All specimens were stored in deionized water prior onset and in the middle of all steps of testing.
A total of 120 composite resin cylinder (Filtek Z250, 3M ESPE, Seefeld, Germany) were condensed into 2.38 mm diameter , 3 mm height transparent plastic molds and photo-polymerized for 3 min followed by further polymerization for 10 min inside a polymerization unit (Triad 2000 System, Dentsply Trubyte, York, PA, USA) at 1,000 mW/cm 2 . Airborne-particle abrasion of the composite resin bonding surfaces were performed utilizing 50-μm Al 2O3 for 10 s at a distance of 10 mm, washed under distilled water, and air dried. Subsequently, a silane primer (Ceramic Primer, 3M ESPE) was dispensed to the composite bonding surface, allowed to dry for one minute, and air dried for 30 s.
Composite resin cylinders were bonded to the treated enamel surfaces with either Panavia SA or Multilink speed self-adhesive resin cement (n=10 for each subgroup) based on the recommendation of the manufacture (Table 1) .
All specimens were stored in distilled water at 37°C for one day. Then, the specimens were subjected to thermocycling for 6,000 cycles between 5±2°C and 55±2°C, with a dwell time of 20 s and a transfer time of 5 s.
Each specimen was locked within a special designing device mounted on the universal testing machine (Instron 4204, Instron, Canton, MA, USA). A load was exerted to the bonded zone between the enamel and composite resin cylinder from a notched-edge fixture and a crosshead speed of 1 mm/min (Fig. 5) . The recorded maximum loads were divided by the surface area of the enamel-composite interface to calculate the shear bond strength (SBS) in megapascals (MPa).
After SBS test, the tooth surface and composite resin were viewed under a light optical stereomicroscope (Carl-Zeiss, Oberkochen, Germany) at 40× magnification to detect the mode of failure. The portion of adhesive Fig. 1 SEM micrographs (1,000×) showing eroded enamel surface. In all study groups, adhesive failures were recorded (C>N>Ph30>Ph15>L60>L30).
However, an increase in cohesive failure within the cement film was noticed in relation with eroded enamel with Panavia SA resin cement. In contrast, an increase in adhesive failure happened when enamel was etched for the self-etch resin cement, Multilink SP resin cement.
DISCUSSION
Although bonding to enamel is much easier than bonding to dentin surface, there are three potential obstacles to establish an optimal bonding to enamel surface. First, 1-2 μm-thick hydrophobic smear layer that cover the surface of ground enamel, which reduces the surface wettability. Second, the mineral component of enamel is approximately 96% by weight with only 4% organic components and water which results in hydrophobic enamel surface compared to dentin. Third, the variation in resistance against acid dissolution of prismatic and aprismatic enamel leads to different etching pattern. Enamel pre-etching with phosphoric acid removes the smear layer, changing the surface properties and increases the wettability of enamel surface, by exposing the hydroxyl groups of the enamel, therefore producing a consistent enamel etching pattern [36] [37] [38] [39] . When erosive demineralization occurs, it leads to the production of a superficial mineral dissolution with an irregular structure similar to the pattern of etched enamel surface known from well-established adhesive bonding. Till now, not too much is recognized about how deep the partly demineralized area extends; values spread between a not many microns up to around 100 μm have been reported. When the acid exposure continues, mass enamel loss occurs 40, 41) . In order to exclude the possibility of any sample bias in this study, the surface hardness after erosive lesion formation was measured following the identical guidelines used for former superficial hardness measurement. This step was carried out to assure the lesion establishment and to select and randomize specimens to each of groups 33, 42) . The values recorded for the human samples (Vickers) are reinforced within the literature, with studies reporting baseline human enamel Vickers microhardness from 304 to 409 33) . In the current investigation, the effect of initial erosive lesion was assessed. Intrinsic acid erosion needs gastroesophageal treatment and/or opsychological treatment but due to the gradual and often sporadic nature of erosive tooth wear, early diagnosis is difficult. Therefore, it is important for the clinician to be familiar with and recognize the erosive wear lesions as early as possible to implement preventive measures and preserve tooth tissue 43, 44) . In present study, the specimens were subjected to de-mineralization in hydrochloric acid solution simulating a moderate kind of gastric regurgitation. Mann et al., performed an in vitro study to study the impact of repetitive short erosive attacks to enamel surface over 2 min at pH 1.5 and 3 under situations imitating gastric regurgitation and they concluded that erosive lesions occurring under situations simulating gastro-oesophageal reflux disease can be discoved in its early stage, setting up chances of rapid detection and handling of this status. Their model presented an evidence of meaning for prophilometric disclosure of early erosion which provide a foundation for emergence of highly sensible clinical diagnostic tools and preventive options. Also, they emphasized the demand for quick diagnosis and handling in line with minimal intervention philosophy 34) . Since the pioneering work of enamel etching with phosphoric acid by Buonocore 45) , numerous acids have been proposed for enamel etching which included citric, oxalic, maleic and nitric acid. Despite the research into alternative acids for enamel etching, the gold standard for enamel etching is phosphoric acid 29, 30) . While Buonocore first used phosphoric acid at a concentration of 85%, the concentration in clinical use today has progressively decreased to a range of 30-40%.
The findings of the current study revealed that the utilization of 20% lactic acid produce significant rise in the bond strength to eroded enamel compared to 35% phosohoric acid treatment for 15 s. The mechanism of conditioning the enamel with lactic acid is not purely etching but sort of an exterior etching accompanied with chelation of calcium of hydroxyapatite 31, 32) . The chelation creates a steady, homogeneous and insoluble chelated layer that is chemically bond to enamel surface.
This finding was supported by the results of other studies, which recorded that the mild lactic acid may be appropriate alternative enamel conditioning agents to phosphoric acid 28, 31, 32) . The results from SEM observation, present that, the enamel etching patterns of groups treated with phosphoric acid was coarser and demonstrated baggy enamel penetration bores than those treated with lactic acid. It points out that lactic acid conditioner did less harm to the previously eroded enamel surface and produced less enamel penetration bores so danger of later disintegration of the enamel underneath or around the restoration may be considerably reduced.
Although experimental studies provide valuable information of the biomaterials and rank their performances, they do not mimic the clinical situations at oral conditions. Therefore, controlled clinical trials are recommended.
CONCLUSION
Bond strength of self-adhesive cement to eroded enamel surface significantly enhanced following application of 20% lactic acid for 30 s. Regardless the type of enamel surface treatment protocol used, Panavia SA resin cement demonstrated superior bonding, when compared to Multilink speed.
